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(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a 
thermoelectric semiconductor material having a 
sufficient strength and an excellent figure of merit Z at a 
high yield. 

SOLUTION: Material powder is mixed to have a desired 
composition and fused thermally to produce a solid 
solution ingot of thermoelectric semiconductor having a 
rhombohedral structure (hexagonal structure). That ingot 
is crushed to form solid state powder which is then 
processed to have a uniform particle size. Subsequently, 
the solid solution powder is subjected to pressure 
sintering, hot forging and plastic deformation thus 
arranging the crystal grains of powdery sintered texture 
in a crystal orientation exhibiting an excellent figure of 
merit. 
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[0 0 7 6] *MH^^P.{±. *e.lc. HSI^SrtTo 

[0 0 7 7] (1) mmtt 

fz. #««3iatfgT-r5o 40 

[0 0 7 8] i^^. ^mittg^[Rl±5-l±5Ci:*^T#. 
ofco b < mS.tttl^ 9 7 %l-:^±OMiiSi' >df<y h 

[0 0 7 9] ccT% msjtiitt. mj^ssi:, mmt^ 
mm&) t-oitoctx'&^o so 
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[0 0 8 0] (2)^ttiiniJga 

[008 1] /-c/cL. hih— >*ih*^;*:#i/^g. (iJt 

[0 0 8 2] S]a*^<g-r^«i:> m^mm^m^ 

[0 0 8 3] jg^. m-r^rf-v h;&^1±)tlDX-r^<0tC 
(R]*^^ < ^ o T L S 3 efi!cgiS«i;<TT'feS c i:*^^^^S 
[0 0 8 4] mWmat. 5 5 0° CJ-XTT-^oT. ^ 

ii.^m^mmff3^m&T'n^ c n-a^xt^ 350° c j.;^ 

[0 0 8 5] ^fc. h7°UX<7)raSiBHi:Mtt)!lOX 

[0 0 8 6] (3) mman^m 

[0 0 8 7] Ha^. )gIE^?;]Wl^aE:;'30®Hi:i/-"5 t> 
03b^#ftL. ^(0IBH«, 7 0 k g/cm^ J.X-h3 5 0 

[0 0 8 8] (4) ^ji(D7°D-feX 

x^-t7.^i}Qx^ctr\ ±m (1) ©2Ba[it*iPi±^-a- 
[0 0 8 9] ■r^*^*.. mm^>=i^yh^. -rxc^m 

i^tzm&tt^mm^'tirzo . ^Ait^\^±-$-it^c tti^ 
[0 0 9 0] mfz. fiisg-odr-y h;&, ^ra-r;^iiai® 
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CO 0 9 1] (5) ©JtcDlU^ 

[0 0 9 2] t(±(0 (1) - (5) tCOV^T. &Cfm^ 
[0 0 9 3] 'W.A(0^mM 

S-r. ±ia (1) OSBSlt:^)'«9 7%t;4±Jc:&;5(l^tCj; 

[0 0 9 4] :^m&mx\^t. wim\.rcm2<o^mmtw\ 

CffljSOB i 2 T e 2. 7 Seo. 30 (DnM^W^ 

mw^. ¥i^5Sii2 0/imT3f»t3^u cn^^^isa 5 

0 0' C. iPjE:^7 5 0 k g/cm2 Xi^-y VfVTs 
X^Xm^m^^^tCo (2 0;im) tim20^ 

[0 0 9 5] "tcomt. m2(ommmhmm.\c. m^\^ 



20 

4 0 0' CtCTiai 5tC^"r?pfSff:^?^JlP^Sll&K 
^100kg/cm2 SJ5^egtC4 5 0 k g/cm 

[0 0 9 6]^^D^g. (l(Ogiiga(?)Siig-r>=f^y h«:. 
4 0 0*" CT\ 4 8^^fftt7;Vdr>'S7t:tf'^Xi*AW 

[0 0 9 7] :^j^a7ti. ^2(0||SEM^*^4co*fiaiM 

^Ott«^*gST£^o a 7 Pp. >-^'y hT'L'X 1 hfe^<D 

CO 0 9 8] 
[^7] 











*>h*-:>2 




0. 950 


0. 950 


1. 283 


1. 056 




-200 


-200 


-192 


-192 




13. a 


15. 0 


13. 8 


14. 4 




1- 7 


2. 25 


K 01 


2. 42 


a Bit 


99. 8% 


9 9. Z% 


96. %% 


96. 8X 




2. 40 


2. 81 


2. 08 


2. 45 



CO 0 9 9] Sfc. ttftlJiaZOffWaspi: bT«. 

2. 4 5^L^V^ffii:Lfco ttftlJM^Z*^ 2. 4 5JJ( 

[0 10 0] |plSA>C.B^e>A^*<fc^ *^4(DHSgl51| 

<£< (9 6. 8%) . «gS(DiHi^fi*^t-a*n:oS7!rtt 

JfLfSi/^ (1. 0 1) ChA^tJA^So 40 
CO 1 0 1] CO^*S-t'>'=f-y h*-tt7?l6ltc^ 

(m 2 fDllSSfi»J(D 4 5 0 ' C{CWLT4 0 0'' C) 

^I□Xil*Jt)<)i^^i:^^•5<li:A<^A^5 (Hi 0, 01 5# 
CO 1 0 2] Sfc, ^4©Sli6{i0ijT**;-;; i^^nfc 
hi:|Hli;m« (9 6. 8%) T♦^5A^ 1ttgit^«(^± 

(2. 4 5) LTv>5ci:*^*D*^5„ cnti, igitlcJ; 



STJIttbsb^ii:*: (2. 4 2) LTV^S<D{±c:<DfcJ6-Z?* 

-So 

[0 10 3] tziti.. 'm2<DmMmT't-"j ht^-'j^n 

2. 4 5) ili:*'5t)*>-5o 

[0 10 4] c:oJ:3lc^4<0^i6fie!IU:43VT, S*i<0 
^2(D^SS0!|{clt-^;5i:fgTbTV''S(Oli, 

[0 10 5] -r^t)-^, litimZtt, SJrCOS^ttit 
[0 10 6] Ufc*^oT. SBaJtjb^g 7%J:l3fe'h5V'> 

Wfcti^ -tttMJgiSfZfcLrii. wmmmt^^2. 45 

S, 

[0 10 7] iX±^OCi:*^?., l^raS5t*nStij<D«*g 
>rr>y h (OmAtt^ 9 7 %J.X±©fiifC LTti < C i: 

t#P.nfc:„ €-LT, :r^•y hd-N— S^^nSCfctCjIoT® 
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22 



nfco 

[0 10 8] -^SO^fififflJ 

offic. ±fe (5) (Dmmx.m(Dw\iSL^m'p-rcti,cjz 
[0 10 9] *iiss^jT't±. mj^LTcmzcommmtm 

DffifiKOB i 2 T e 2. 7 S e o. 3 0 ©nSf^W^ii 
C<Di:#f#5)nfc«*g-i'>d--y h 1 01 Slc^-T 



[0 1 1 0] U/-cjKi^-i'>:J>y h 1 4;&, 1 IhI. 2 

)gi!rax««^lii^^^fi)curv-<o -r**?-^. ^ lingo 

fitted; t). )E^J:b« l/2fc^!?, m21e]S<0®jg(c 

iimfi 1/1 etc^^So 

[0 1 1 1] CO§li^©)ttS<OS3§'1'>d'-y h 

T;Udr>«gSSH«>f 4 0 0' Ct?, 2 4^^(01^ 

[0 1 1 2] hcf)T'mait*'«9 7 %J-X±l- 

[0 113] 
[«8] 



«jtBlk 


1 


2 


3 


EH it 


1/5 


1/8 


1/16 


ItSSt (mQ/cnn} 


1. 006 


0. 88 


0. 86 


t-'^y^^^a* foV/de«) 


-198 


-191 


-190 


fRfiSIE <rnW/cnid«6) 


IS. 2 


15. 9 


16. 0 


ttteiaa 0<10-V<le8) 


2. 5 6 


2. 61 


2. 6 2 




2. 19 


2. 52 


2. 55 



[0 114] |ilgtc^-r<fc^le:. ff*i^/)'«tgJ!iP-r^^m 

|pl± (14egii®C2. 19*^^2. 5 2^. 2. 5 2*^^ 

2. 5 5^) Lrv^^cO;b^t):^^^o 3o 
[0 115] ^/c. l±*iti:c0ig:^tcj;!5STtO4^-\''J7' 

[0 1 16] ffijno^75fttJt:^)\ mmmmm^n-Drcm 

CD 2. 19tC«LT2. 5 2. 2. 5 5 ) cOtC t>:6^*^t3 
^>d[yh(02. 5 6te:3*LT2. 6K 2. 6 2)0 

[0 117] fcfiL. cnii. mfil«3^0 j^SS-rvrf^y 



[0 118] -^eoiissc^y 

(OB i 0. 4 Sbi.G Te:^ O p 5^ 

m3<Dmmmtm~<D^mxmm^'^rco c(Dt^ 

t#an/c^*S-r>rf^y h 1 4ti. 0 1 6lc^.~r^^lc^ 

(JP^) Jb^eOmnu *S;bM 0mm. Jg^^tl^T? 
IRICDS^AM OmmOtjOTfeorCo 
[0 1 1 9] Lfcj^^g-l'Vin^y h 1 4^. 1111.2 

JESIhbti 1/1 Gtcj&^o 

[0 12 0] ^(om. c(ommmi^m<om&^y:^^yh 

it. r;l/::f>e^3?Hm4'4 0 0* CT. 2 4^P^(0^ 
[0121] Vrf^y hFf Taait:6^9 7 %J;^±tC 

[0 12 2] 
[^9] 
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23 



24 





1 


2 


3 




1/5 


1/8 


1/16 




1. 1 


0. 95 


0. 84 




217 


207 


200 


mR&m (rnW/cmdeg) 


13. 3 


14 


14. 2 


1»»ltt OciO-Vdeg> 


3. 2 


3. 22 


3. 35 




1. 38 


1. 57 


1. 70 



Co 1 2 3] l^^tc^s^cfcdtc. ffi|gJtA^ti*p-r^^Si 

± (ttH^mS. 2;b^&3. 22^. 3. 22:6^5,3. 

3 5^) LTl/^§0*^t)5b^^o 

[0 12 4] • mKommm 

[0 12 5] :^mmmxH^. mj&i.rcm2(Dmmmtm 

U:fflfigOB i 2 T e 2. 7 Seo. so cOnM^n^ 

0 k g/cm2 Tvt^^y h >^l^XLTl»^jS^«g;^-^/co 
hybXti:4 0 0" C. 450'* C. 500" C. 
5 5 0" C<D4 ^ff OMJSSfiTtTo fco 

[0 12 6] ^<omt. m2(Dmmmtmmic. m9ic 

T. 4 5 0" ClcT^^ajE:;^! 1 0 0 kg/cm'-^ —4 
5 0kg/cm2 T^iPffib/Co 

[0 12 7] ^(om. c(om^m(Dm^^>:3-j h^. 

4 0 0* CT% 2 4^Hf£CtT;l/drvil7c:jy'^XS*A§ 
[0 12 8] C(D^^t#(P»n/c:Sii^>r3*y ^^D•t^.L^gP 

^yh ryuxp°pj ) o§!Kiltfit:&. ^^?5?aS4 

00" C. 4 5 0" C> 5 0 0" C. 5 5 0" C^t 
tC. :^j^ai 3> 14. 15. 1 6tC^-ro 

[0 12 9] 

mi 3] 











1. 93 


1. 62 






-23S 




13. a 


M. 1 




2. 09 


2. 50 




1. 87 


2. 38 


l& K it (X) 


ga. 4 


g». 6 



[^1 4] 



10 



20 



30 



40 







★-pa 




1. 85 


1. 92 




-237 


-235 




14 


14. 1 




2, 17 


2. 88 




1. 87 


2. 38 


a S it 


98. 5 


99. 9 


11 5] 










1. 75 


1. 48 




"238 


-235 


ttfi^ir^ 0KMr/<Md9s) 


14 


14. 2 




2. 28 


2. 63 




1. 83 


2. 49 


B ft tt <%J 


88. 5 


99. 2 


11 6] 






i««-5^a 


itlSI^ McnO 


1. 86 


1. 57 




-•239 


-232 




13. 9 


14. 1 




2. 19 


2. 43 




1. 34 


2. 28 


B fflt (») 


98. 6 


99. 1 



^rvdf^y hO^^^ff OM^SJ**ff) JC:6-?b-t5<^'r 

tc. 9 9%i-:^±o^ja[i:t:tc^oT^D. un^m. 
mcmmit9 8%sjgtc:^oTv>§m56*j*^o*s*g-f > 

rf^y h (j^*SrMS4 0 0" C. 4 5 0" COif-^) ti. 



50 



oTV^^(07b^:b7b^^ (t^*SSJ^4 0 0" CfO^^fi. 9 
8. 4%;5)^e>99. 6 %tC[q]±. i^J^Jgfi 4 5 0 " CO 
m-^l^. 98. 5%:6^P)99. 9%tCfq]±)o 

[0 13 0] m^B(omi^ mtfi<Dmy5itit) icmLx 

ft (^?5JgS^ft) ti:*^:^^:b?>-ric. ^P^*rK.^^®Jg 

CO 1 3 1] hy^XSffi*<igit>Jl-e-lc{i, 5^<y h 

*MgT L T U * 3 (^iisSiaaE 5 5 0 " C CQJi^cD jftiig-l' 
^rf-y h<D«5i©a7?14Jt{±l. 3 4) „ COtdt. C 
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25 



26 



( 1 . 3 4 p. 2 . 2 5 IC(SI±) . ^jgPw^te^OgaiB] g 

i6tCtttemiai:L.T««<^oTL.^9 (2. 4 3T'fP 
ffiaip2. 4 SJJtT) o fzhXli. 5 0° C 

©Sia Y > rf -y h (DiSLmmm^t 2.43 c^ise-r > =1" y 
v<Dmsi(r>m5^mt\. 34) x-so, m«ss*5o 

0- COSifi-OrJ-y bOl4^*gSC2. 6 5 (^iSg-O 
dr-y hOSmOS?^1tJt{± 1 . 8 3) »ce['^T<a< *o 
Tt/""5o 10 
• ^ 8 ©^SI^J 

o^lc. ±12 (4) T-5^'^/-cJ:'5Jc. ■r;ic:*'iSifi£0:/ 

[0 13 2] :ifmmmv\t. m&x^rcw, i ©^ssfiajiiiBi 

UfflfiScOB i 2 T e 2. 7 Seo. :io «Dna^«¥ 

(M^Sft5 0 0° C. JjPff;^? 5 0 k g/cm2 ) T 
«?5$-li:/c„ ir3LT?fP.nfc1i»^MS(*A^P., ^2cD 20 
llfiS0IJi:|^SItC, 7b^3 0mm. iHAU 0 m 

m. g®$n«:^[fi|OM^*M 8nim<Oji£ilS>('>dr-y b 

^i:T, ^2<D^iiSt^Ji:|lji;<, 0 9 tS^s-r-MTJlRl©*' 
e*JlM^-^«-r^C*^«:&fflV\ 4 5 0* ClCTf^ 

[0 1 3 3] 0 1 8li. 2 0(0^^-t'>'dr-y ^^0^■fe— 
^) A^P). ^e)lC^^SEE:^I«:4 5 0 kg/cm2 ST-± 
[0 13 4] lRliatc5^-rJ;3{C, ^jtXgtDft^T-«. 



[0 1 3 5] — ^ 1 9«, 20<Dj^i|@-i'>d''y 

$-&fc«^£D'i'>'=r-y hffis^fk. ^m.E.ti^ 

fb^^LTV^So **5. lai 8. HI Qfctl;:. Uaffij^ 
III±tH±2 5 0 k g/cm^ tL/Co 
CO 1 3 6] 0 1 8lC^-r®jiXgTt#6.n/-ciijl-t'> 

e{cj;tit#e.n/-c®ii-i'i^3-y ha. Sgi3*^P33BlW<:^ 

[0 13 7] cn?>S*5^jtXeT*f#?,n/£2 0£D^ 

jg.^i/3-y h 1 4*>p,^n^n0 2 oic^-rw^tf-x 
^^OWLT. #iW^vf— ICO v>T, mfim. ms. 
it. gju^os^liib, -tf— <>y^^l!c. f^v-yy^ 

IS*2^L/-ct.<0^gSl^T'*Jo/-cfifT'fe^). CCDffi*^ 
[0 13 8] Sd^e— X (^jg-Y^ri-y h 1 4) CDlS^ 

ritt^rytztiK S3S?^|pID^i:■o^,^T^1%ttM©^^■^t^^cff5. 
iuSc•^:^ctI14^i^^b/c^.<DA^ ai 7, m sts 

So 

[0 1 3 9] s 1 7 ia2 oic^-r^5gY>'dr>y h 1 

4©f^^^gl5CA-'P)M3S73lRlD©§^lic:i:lC. ia 1 8lC 

^•rigjgx^Tt#enfc^-r>dr.y h©tJttfii*^L 

[0 1 4 0] «1 8{±. raU<^f'>dr-y h 1 4<D'P 

iixsT-ff e.nrcsiii'i'vdr-y ^(DV^^m^^Lrc^o^ 

[0141] 
[^1 7] 



G!)&«(rrvrO 


OfiQcmi} 




(X> 




xl0-«4«c/cmK^ 


2 


0.94$ 


'195 


98.8 


2.49 


3.99 


6 


0.961 


-195 


98.8 


2.35 


3.94 


10 


0.978 


-194 


99.4 


2.24 


3.83 


14 


0.969 


-192 


99.1 


2.30 


3.82 


18 


0.97! 


-191 


99.1 


2.25 


3.7 5 


22 


0.989 


-190 


99.2 


^09 


3.6 6 


26 


1.002 


-190 


99.1 


1.98 


3.60 


30 


1.073 


-188 


98.8 


1.66 


3.28 


34 


1.194 


-186 

a 


r99.1 


1.28 


2.90 1 
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mi 8] 







OtV/deg) 






X10-fi(«/crTK2) 


2 


0.993 


-195 


97.7 


2.34 


3.82 


6 


0.992 


-193 


97.6 


2.31 


3.77 


10 


1.005 


-1 9.3 


97,4 


2.23 


3,70 


14 


1.026 


-192 


97.0 


2.12 


3.59 


18 


1.023 


r -190 


97.2 


2.06 


3.54 


22 


1.122 


-188 


9S.5 


1.85 


3.1 6 



10 



CO 1 4 2] ffi$iCOS:^ej±ti. -rvdr*;/ 

[0 14 3] cl(7)j;-5tC-{f-^^y ^^^:6^5SgPtCV^<ia 

[0 14 4] ^fc. ^>'a>y h4'^L^:6^^i^gPlcvK(5^* 
2 emmO^gf^Tii:. /W— 3^ r ^ ^ ^ LTtifPffi 

[0 14 5] cnicMLz. mmm^n^mic. mm^ 

(DffiStkmg-r^^OT- (SSJt9 7%*rS) .^18 
T(*2 2mm:&aK.rciEffiT'«0-r— ^ti*B&LTt^^o 
[0 14 6] ^yzi-j hffi^.gp (fci:^t^-r>rf^y 
iL^*^&i01S8l2mm(OgRffi) Tti. }gm^OS:?^ttl:L -If 

— ^^y^^S(i:t^c. «5(£ai 7(omtm\:^r-s>^\c^ 

t^f^'t>ib'r. i&^mff±^ <rj:-oX\^^^(0\^t (0. 9 4 
StC^LTO. 9 9 3) . Sait:^'«Sl TlCiJ-^TfgT 
LTV^Sfci6 (9 8. 8lc5itLT9 7, 7)T*fe^^# 
A^nSo /^y-:7r^i$?*^«i 7te:«»^T{gTbTi/^ 
^C0^> (3. 9 9lCtiLT3, 8 2) . fpHSlC^^Jglrk^D 



20 



30 



40 



CO 1 4 7] HvLrctiMf^mt^^. iHfplOftfitcmSJt 

[0 1 4 8] ^/c. ^1 8 tc^-rss^jgit^. m^om^ 

^T'OffifitL Sl 7lc^-r«filt^. Jg^to^ffjb-e 
[0 1 4 9] C a LfcmSJrbtOlHimfi:. Sfl^Og^^^ p 

[0 15 0] mrc. ±i^LrcmmT(ft. ^^zs^h^- 

tcftj^-r ^ <i: L T ^> cfc V\ 
[0 1 5 1] 03 0. ia3 Ui. c:«5 b/cM:;^fRlOM5E 

^^■ri^T^feD. 0 3 1 \tms^-cyu-j h 1 4*^ 0® 

S^-r^TSSo 03 0. 310 (a) 0Ci-rxC^^^ 

<o±mm. 03 0. 310 (b) «-r;^c^sBtD(g[is 
[0 15 2] -r^t^-s. t-^c^^Mti. <in^03 

0. 0 3 nc^-Tcfc^tC. ^JS-r>n^y h 1 4*'^SM^ 
ii^cJctij^^S-Orf^y h 1 4 0^(H!l®tc^n^nSfi4 

ss®^mih-r^4 0(opjai 9i:*^e»«fig^n 

[0 15 3] ^3gXS<7)HU*T-t*. 03 OtC^-rgSjg 
UCS^f <fc"5tC4OC0llJii 1 9*^|gi&^n. cltl^40 

offlygi gtCcfcoTi^sg-rvri'^y h 1 4o-tt:i5"[qios 

^1 8^TK^-^i:/ct^^^JiKr-r^) o 
[0 15 4] CcDcfc-ptCiijgXgOft^T'-fflTJfpJOe 

-ttj:^fRioSSJgIS;&|5a±L/'cSia5fl?lli:[«I^lc. 
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30 



[0 1 5 5] ST. ±7^LrcmmmrHi. siii^oDf^ 
[0 1 5 6] 133 0, 113 1 ic^-r-r^c&SB^fflt'^ 

[0 15 7] -rStJ-^, S?UcD-r A C ^^ii53SX^t:ii. 
fi. 03 nc^-r<}:'5{C4OC0ffi!lii 1 Qt^&ii^. ^ 

[0 15 8] ^^-r^C^i^iglg. f^P^S®ii 

XS^ffilSleli^ f) Jg LIT a J; a tc U T J: V >o 
[0 15 9] C(D^d tc-r A C^^jgXgtC^V^T^^ 



ittk^ 9 7 %J.X±tct>-3TV^< C i:*^T'^, 

[0 16 0] 'm9(ommm 

oific. ±is (2) xm^rcmm^m^^±-s'^^ct 
[0 16 1] Tsasi 9«. ?;3S^^^«ff:ti*aA 

JBiSfi^^UTV^So h:^^X©XSa. II20II 
fiSfiflJ t |s|«T'fe t) , 4-^ -y h *-i^<OXST'{±S 2 OSlfiS 
mtmmc. iS^ (JS^) *^3 0mm. i|®*M0mm, 
MMSns^^lfllOSS*^ 1 8mm«j^iig-r>=r«y h«r^ 

<l*^SM«:fflv\ Tteai 9ii:^i-S^ffTT'|^ia»jg 
Lfco 

[0 16 2] 

mi 9] 





S 8 






* ft 


Oc) 




(mm/«ec) 


1 


450 


250 


2.08X10-^ 


2 


450 


125 


1.42X1 0-* 


3 


450 


350 


4.99X10-3 




400 


250 


1.87X10n^ 


5 


500 


125 


1.31 XI 0-^ 


6 


500 


250 


1.44X10-2 


7 


500 


350 


4.44X10-^ 



c c T\ ^ff 1 ti. ±ieig 2 tD^i6Sfi?y ^ [rI U^f 
CO 1 6 3] ^fc. TtB§2 Oti. ^^{4^ 1 — TStc® 



Co 1 6 41 
C^2 0] 















<mQcm) 


{fiV/deg) 




XI 0-5 iflc/cniK^) 


1 


1.200 


-200 


1.70 


3.33 


2 


1.200 


-200 


1.70 


3.22 


3 


r23S 


-204. 


1.74 


3.36 


4 


1.260 


H98 


1.72 


3.22 


5 


1.250 


-19B 


1.72 


3.22 


6 


1.303 


-203 


1.73 


3.17 


7 


t.238 


-204 


1.74 


3.3 6 



02 1 ^<?cZ<fy^<r>^xW¥(r)-mMS.timc 

0 2 2 tt. 4 (om-^(Dmmxm'p(D^m&timt 

0 2 3 ^feff 5 ©«^©»igxa4'0?^«flE:^^<l: 



0 2 4 ^^4= 6 0^-&(D^jIxa'ti<0?^aff tl^ft 

0 2 5 7 oti^^aigxe* o?^aff *^fk 
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CO 1 6 5] ±lHai 9;b>e»B^B*^*c}:^fi:ia**^^S< 

J:oT«ia^ja*^^i;Tl/^S^D3b^ m2 1-02 5*>&t) 
[0 16 6] mc^ydi-y h<DmBmAti^i^'^^^^i^(0 
Co 1 6 7] rct^l£^ -Czyu-j haJB?^S^'^:^^v^^ 

Co 1 6 8] mmit. Y vdr^y bo±TM^oj^J!lt;ofc 
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m&tm (S^^jS) ■^A.»ftcJ:^t:H:;5:Z(i:[Hl 
CO 1 6 9] i^ati. S}iiOW^tt3f*Tfe;5j^JS^>:J 

Co 1 7 0] TI2^2 1 -S2 7 ±12^^(4^ 1 

Co 1 7 1 ] 
C*2 1] 



(DEIKfnrn) 


(rn(2cnn) 




{%) 




xtO-*«i^craK*) 


2 


0.974 


-200 


98.8 


2.25 


4.12 


6 


0.984 


-201 


99.2 


2.28 


4.09 


to 


0.9 90 


-201 


98.8 


2.28 


4.08 


14 


0.993 


-200 


99.2 


2.28 


4.05 


IS 


1.003 


-199 


9&8 


2.19 


3.96 


22 


0.9 94 


-198 


98.8 


2.15 


3.95 


26 


1.008 


-198 


98.9 


2.1 1 


3.89 


30 


1.036 


-197 


98.7 


2.00 


3.73 


34 


1.068 


-195 


98.4 


1.81 


3.57 


38 


1.086 


-194 


98.7 


1.G6 


3.47 



>t> Attic's 


(rnficnO 








xlO-s WcmK^) 


2 


1.046 


-193 


98.8 


2.38 


3.63 


6 


1.044 


-199 


99.2 


2.46 


3.78 


10 


1.058 


-198 


98.8 


2.41 


3,71 


14 


1.073 


-198 


99.2 


2.34 


3.64 


18 


1.068 


-197 


98.8 


2.32 


3.6 2 


22 


1.079 


-194 


98.8 


2.21 


3.49 


26 


1.120 


-192 


98.9 


2.10 


3.29 
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OOEM (mm) 


(mQcm) 


(uV/d68) 


Bet 




x10-*6/k/citK2) 


2 


1.223 


-202.6 


99.6 


2.04 


3.39 


6 


1.085 


-202.6 


99.3 


2.31 


3.79 


10 


1.235 


-201.2 


99.5 


1.73 


3.28 


14 




-200.8 


99.3 


1.89 


3.39 


18 


1.224 


-201.7 


99.4 


1.93 


3.32 


22 


1.326 


-200.0 


98.9 


1.67 


3.02 


26 


1.291 


-198.6 


99.2 


1.48 


3.09 


3D 


t.46B 


-198.3 


98.3 


1.32 


2.69 
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ca2 4] 





(mQcm) 


btV/des) 








2 


1.124 


-1«.2 


99.5 


1.98 


3.46 


6 


1.081 


-197.0 


99.5 


2.01 


3.59 


1 0 


1.1 1 1 


-195.5 


99.4 


2.00 


3.45 


14 


1.095 


-195.6 


99.5 


2.01 


3.49 


18 


T.41 9 


-191.5 


97.4 


1.39 


2.59 


22 


1.425 


-190,7 


67,6 


1.08 


2.55 


26 


1.593 


-190.6 


94.9 


1.09 


2.2 9 


30 


2.027 


-186.0 


98.1 


0.66 


1.76 
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(OEK Omi) 


CnnQcfn) 


biV/des) 


(X) 




x10-«t*d/cfrK2) 


2 


1.063 


-205 


99.0 


2.31 


3.94 


6 


1.079 


-204 


98.3 


2.31 


3.86 


10 


1.085 


-204 


98.3 


2.30 


3.83 


14 


1.086 


-20 2 


98.2 


2.28 


3.7 7 


18 


1.078 


-201 


97.4 


2.28 


3.7 6 


22 


1.080 


-200 


96.4 


2.22 


3.69 


26 


1.09 2 


-197 


95.7 


2.17 


3.56 


30 


1.135 


-196 


95.0 


2.08 


3.39 



C«2 6] 



(pirn) 


<mOcirO 




fBArtf; 






{%) 


2 


1.051 


-204 


99.5 


2.45 


3.95 


6 


1.077 


-203 


98.9 


2.42 


3.83 


10 


1.086 


-203 


99.2 


2.29 


3.83 


14 


1.115 


-202 


99.2 


2.26 


3.6 7 


18 


1.101 


-203 


99.5 


2.20 


3.75 


22 


1.1 18 


-203 


99.1 


2.16 


3.68 


26 


1.132 


^202 


98.6 


2.10 


3.59 


30 


1. 1 73 


-199 


98.0 


1.93 


3.38 
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so 



(19) 0 0 2- 1 1 1 0 86 

35 36 



OBt (mm) 


mm 


(uV/dek) 


(X) 




xlQ-sj/i^cnrK^) 


2 


K1 66 


-203 


99.7 


2.15 


3.53 


6 


1.189 


-202 


99.6 


2.14 


3.44 


1 0 


1.180 


--202 


99.2 


2.00 


3.46 


14 


1.241 


-201 


99.0 


1.52 


3.26 


18 


1,744 


-1 98 


99.1 


0.77 


2.25 


22 


1.945 


-196 


99.4 


0.87 


1.98 


26 


1.828 


-198 


99.0 


0.72 


2.15 


30 


1.857 


-197 


99.2 


0.81 


2.09 
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■r^t>t>. ^^n^ 1-7 r-mm.^. 400' ct24W 

VrmLfzc ^OifSSA^±iBa2 1 ~2 7tc^2nTV> 

So 

[0 17 2] PMtr-X (»ig-f Vdr-y h 1 4) 

ot*^*ie,nfco a2 i~2 7T'{i, i|@:^rfl]T-Vi£|^i: 

[0 17 33^2 0O»jt(Dm^«i|6tT-feS:^?5l'>dr 

A^t)*^5o Wl^ff. ^fl=20^^. Y^^rf-y ^cf'-L^*^P> 30 
2mmOgl5fitT'l. 7 0*^5.2. 3 8 {CffilrLOS:^14Jt 

[0 17 4] $rc. ^^fiM~7i:fetc^3t-r5Ci:tc 

m^if. ^f^f 2 coi©-&> -r>'3*-y h4''DA^e.2mmCDgl5 
2 23b-'P)3. 6 3K>'17— :7 7'^^A<:*:#<* 

CO 1 7 5] COj^, *ft=3, S&f^7<D«^lC«, iffifi 

-On^y hOffiDgPO— g(5T'U*«|qJtOEjj#*'«^e.n* 40 
V^©*^ a2 0i:a2 3(DltK«S*. «2 0i:«2 7cD 

yr^^i)\ m&mc. m&wmm. o. 53) ^k>^ 

fOgPiJ' (3. 7 9) ratT'feSo 
[0 17 6] C0i:i:ti, ±a$U/'c<}:3lC'i--*y 

Xg*t£::^^;Q:]^S*<^U (02 1. 0 2 5#BI) . 

^^^tl?>o 50 



[017 7] fc^U, <lcD<fe5*ffiS*<^U-^-rv>igii 
[0 17 8] ^igj@jatc|iLTl±. iaa*^fflV>{iifmi4 

n 9 (ommmtsji^zsm 1 ~^ s cDmmm(ommii' e. 5 5 

0° CJ.XTT-feSCi:A^MSbi/\ 
[0 17 9] iStc. ^iiiaS*'iKi,^«^lc«. 

c 9 (ommm^^xfm 1 s onjsCToifss 

[0 18 0] SjI^O?^affi;^tcMbT{±. w^?^aiE 

.J: tf ^ 1 ~^ 8 <Dmmm<om^ti^ e.70kg/cmz« 

±3 5 0 k g/cm2 UTOSiIHT'feSc:i:*^asu 

[0 18 1] ^fc. 112 1 ~0 2 StS^fi^tC, 2|s:^ 

SJ;^lcLTV>So *^9<D|li5£&iJteJ;t>*^ 1 ~^8<D 
0 0 k g/c m2 ;&M^fc?UW??fa)E:'3-P«agf >3*-y 
[0 18 2] O^lc. p^**«fcoV^TI^«ltc^3g*ff 
[0 18 3] -r^t?^. m3 0^fiesClJi:l5lL;^afi!c<7)B i 

0.4 sbi.6 Tes (D^mmm.^mwun^. m 
3<ommmhm-<omm-vm&-&^tc^ ^ut, is 30 

nmmtnm^. OP^) *^3 0mm, iHAMOm 

m, MM^nS?b-|Rl<DS^*M 8mm<DjK«Sl':^=f-y h 
«:^DffiLT. 09lc5^-r-M:^(RlO*^g*MIS5-y:'5 

■r^c*taa«rffl</\ Tias2 8tg^-r^*ft8~i 2 
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38 



[0 18 4] TK«2 8fi> sjs, wm^mi±ti^^x 



[0 18 5] 
[^2 8] 





CC) 


(K«/cm*) 




8 


500 


150 


1.1 4 XI 0-* 


9 


500 


70 


3. 04X10-* 


10 


500 


150 


S.03X10--a 


1 1 


450 


100 


2.26X10^* 


12 


520 


100 


B.4 7X10-* 



[0 18 6] S/t. TfBg2 9{±. 8-1 2©tC 



[0 18 7] 
[«2 9] 





mm 

(rnQcrrO 


CuV/dek) 




XI 0-5 fee/cmK2) 


8 


0.939 


196 


1.20 


4.09 


9 


0.939 


196 


1.20 


4.09 


10 


0.816 


185 


1.20 


4.17 


1 1 


0.816 


186 


1.20 


4.17 


12 


0.827 


185 


1.21 


4.17 



I 2 6 ti. 



a 2 7 ti. 

^ 2 8 ti. 



a 2 9 ti. 
Co 1 8 8 



^ftl 0 
^(4^1 1 
^ftl 2 



[0 19 0] Tiea3 0-g3 4{±. ±I2^^{4^8-^ 

[0191] 
[^3 0] 



OEM frnnrO 


(mQcm} 


biV/deg) 


mmt 

(%) 




x10-^4«/cmK^) 


2 


0.901 


200 


98.6 


1.42 


4.44 


6 


0.915 


200 


98.5 


1.40 


4.37 


10 


0.921 


198 


97.8 


1.39 


4.25 


14 


0.966 


200 


96.7 


1.38 


4.12 


18 


0.934 


199 


97.6 


1.39 


4. 25 


22 


1.221 


206 


92.1 


1.26 


3,47 


26 


1.457 


209 


86.6 


1.22 


3.01 



40 



[^3 1] 



50 



(21) 0 0 2-1 1 1 08 6 

39 40 



im3 2] 



[«3 3] 



[as 4] 



<OSM (mm) 


OmOcrTO 




1%) 




xlO-6eA/cmK2) 


2 


0.804 


1 91 


99,9 


1.52 


4.51 


6 


0.823 


191 


ioa2 


1.43 


4.4 6 


10 


0.86 3 


191 


98.7 


1.28 


4.21 


14 


0.87 1 


192 


ioa7 


1.35 


4.25 


18 


0.911 


195 


98.0 


1.33 


4.16 


22 


0.963 


195 


96.1 


1.26 


3.95 


26 


1.072 


196 


95.2 


1.16 


3.60 


10 


(O&i (rnnn) 




biV/defi) 






x10-5fct/cmK2) 


W) 


2 


0.84 6 


1 97 


99.9 


1.57 


4.60 


6 


0.850 


197 


98.4 


1.57 


4.56 


10 


0.8 79 


1 96 


98.6 


1.49 


4.39 


14 


0.927 


197 


99.1 


1.38 


4.18 


18 


0.914 


197 


98.7 


1.41 


4.23 


22 


0.9SO 


196 


97.8 


1.52 


4. 03 


26 


1.191 


197 


93.0 


1.14 


3.25 


20 




^EM (mm) 


QrnQcnO 








x10-sj«(/cfri<2) 


(X) 


2 


0.846 


197 


99.9 


1.57 


4.60 


6 


0.850 


197 


98.4 


1.57 


4.56 


10 


0.879 


1 96 


98.6 


K49 


4.39 


14 


0.927 


197 


99.1 


1.38 


4.18 


18 


0.914 


197 


98.7 


1.41 


4.23 


22 


1.950 


196 


97.8 


1.52 


4.03 


26 


M91 


197 


93.0 


1.14 


3.25 






(mQcm) 


(vV/deg> 


maat 

(X) 




xlO^&v/cmK^) 


2 


0.691 


179 


9 9.2 


1.80 


4.84 


6 


0,687 


179 


99.3 


1.77 


4.67 


10 


0.69 7 


179 


99.0 


1.78 


4.62 


14 


0.721 


ISO 


99.7 


1.69 


4.47 


18 


0.738 


180 


99.3 


1.64 


4.39 


22 


0.764 


181 


99.2 


1.56 


4.31 


26 


0.778 


181 


99.6 


1.52 


4.21 



o fcif^ttd^tf-SiJ L/co ^O*g^;0^±tS^ 3 0 - 3 4 tc 
[0 19 2] a!l^t?-X m&^-^-d-j V 1 4) tOiS^ 50 



O^;b'«^^nrco a3 0-3 4Tti. i^TSTfpJT^i^^i: 
[0 19 31^2 9^0^ig<^tti^*^5|StT*fe^j^Sg't'>r3 
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[0 19 4] Sfc. nS#«lClteL.T, pSMJ^©« 

[0 19 5] ^iS. ±aiLfcm4~l|9<DllBtsMT-ti. 
itc. B i ^ T e :^ l^l^m^^t^^tf^^^Jl-fctlittH^L 
rztiK B i S blS^«ii^»i*«i^fC-OV>T^fiSLrc^^ 

[0 19 6] ^*3. ±iELfcll 1 ~^9(Ollfig^Jr-«. 
B i 2 Tea ISI^®4i«»t5j;t>'B i S bl^l^«^»i* 

[0 19 7] *:te. *lliiig<5lJT-{i, ii:LT, d-x-^/h:/ 
[0 19 8] @}gi*)f»5l;^inffbf=iPffii*^^F^-r^c 

[0 19 9] :^mmmvii. mn^mwun^m 

So 

[0 2 0 0] :^§im<Dmmmi^(DmmMm.mnt lt 

[0 2 0 1] 

[0ffi©ffi#^a«BS] 

[0 2] :$i^mic^^mm-r^c?i-mM^o:>mm^mt¥ 

[04] *?6RB©f^lii|i«i*Offii)g7?ji<D7D-^-V- 

[0 5] :^mm<Dm 1 osssffij<D7?}i-efflt/^?.ns-r^ 
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[0 6] :^^m<ommt^cyf.smi<:t3if^m&mmt 
[07] z<D'^>d-yh<o4i¥^^i^(omm^Kn-r^m 

[08] *^BaoSira-r^c:»jSiiicfett«iiPff:ti:-f 

[0 9] *^B^0^2£D|li6fi£?!l©7jjST-fflV^P.nS-rx. 
C*Lgg*5^f 0 

[010] *fgB^lliEfSCaj<D73S{c*5ttSBE;f3i:^ra43<fc 
10 tf-Y>rf-y hjp$coi3<^^5^-r0 

[011] CfD-r^a-y h®4^|^gP5i-0#)^B^Bti:M-r5 

25*Jt<D5>^*^-r0 

[012] ^tt^-s^zL— ;l/^^-r0 

[013] 2|s:fgBJ07^iiT'mBKL«:f^«^?tf)^%ffll/^ 

20 [015] ^^mmmmmcoyjmic^i'f^s.ti^j^tjr^ 
[016] ^^m(ommm<ommxm^mK)&Ln5m 

[017] *^BI©lli6SWlT'{t^^n/c:.^«ti^^-;l' 

[018] :$i?^m<ommm(o:^mcjs(,f^m±:)s^xs^ 

[0 1 9] *filBj3£DllfiECaj<D73j4lC*3{tSffi:^43<tt;-l' 

30 [020] Siifi-r >dr-y h <oi^tt{ii^tf)ii-r ssij^e- 
x^^-r0 

[02 1] :^%m<Dmmm<Dy3'mc^i'f?>Rt]^j^u-f 

[0 2 2] *5i|B^cD*fi£fiajO?^atcfent:5,JE:»3i3J;t>V 

[02 3] *i8B^osifiSCTo:;^?£i;::fetJ5£E:'3«JJ:t;'r 
[02 4] 2^ftB^c9||fi£0iJ<O73jStfcnj-?,jE;^43J;t>V 

vzf-y hffi$©^ra^fk*5^-r0 

40 [0 2 5] *|gBgO||]!fSOT'7573J*te:*3ltSffi:^3*iJ;tf-f 

[02 6] :$:^m(Dmmm(oy3micmf^mti^^zf'< 

>:J'y hm-So:>mt'SWcit^7jkirm 

[02 7] :^¥tmo:>mmm<Dyj-mci3i>f^mtiisj^u-( 

[0 2 8] 2^fgB«cDSIfigeiJ<D73ffimtJtt5jE:^tiJ;tf'l' 
[02 9] *3^BJcD^fi6MO;)^iili:t5itSJE:'3t5j;t>V 

>=i-y hMf£<ot^mmt^^<tM 

so [030] *ifilBa(DSIfiS0!I<D-r ^ C *i^^«iKBI-r « 0 
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[03 1] :^^m(Dmmm(o^x.c^mm^mm'r^m s pmm^ 
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2 XU — >^ 1 1 X 

3 1 2 T.V—Zf 
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[13 21 




[0 4] 



[1^2 0] 




(24) 



^^M 2002-1 1 1086 




(25) 



2002-1 1 1086 



imi 0] 




150 200 



imi 2] 





im 1 8] 



1 5] 





63 64 laS 246 307 366 488 490 S5l 



(26) 



2002-1 1 1086 




55 



" -« 1 L, ■ I 

W 20 30 40 50 60 70 80 



[iai 4] 



100 




50 ' ■ ' »— 1 r , 

0 10 20 30 40 so 60 70 



(27) 



# M 2002-1 1 1086 




[019] [021] 



7 




2 104 209 307 409 5» ^ ^ ^ . 

I9n(«> 2 3 43 «9 : B3 




ItFyfl 2002-1 1 1086 



[02 4] 



12 5] 



3 
0^ 



800 
460 
400 

S90 ^ 

300 \ 

s 

260"^ 
200 m 
ISO ' 

no 

50 

o • 



2.9 

•RJ 



I' 



\ 




600 
46D 






400 






360 ^ 






300 ^ 






260 * 










20O -R 






ISO 

no 




60 
0 



n W ir B22fi8£7 30» 



m2 6] 



12 7] 




.409 «12 815 1010 12ec 1425 ISeO tt32 



e 



40 



500 
480 

400 
350 
500^ 



200 g 
180 



WO 



43 94 65 79 



66 97 



[1^2 8] [1^2 9] 




% 104 205 S07 409 810 «e 7H 815 ^ S 5 S 8 | j" J 



(29) 



2002-1 1 1086 



(0) 



19' 



13 0] 
i U 





















8$S 



^19 
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